Sweet sorghum unlike grain sorghum has potential to accumulate sugars in stalks similar to sugarcane. Short duration and lower water requirements of sweet sorghum are other advantages over sugarcane. Sorghum is usually grown in kharif and rabi seasons. As an energy crop, industry demands supply of green cane as raw material through out the year. Hence this agronomic study was conducted to determine suitable time of planting of sweet sorghum under the agro climatic conditions prevailing in India, so that continuous supply of raw material is assured for factory operations through out the year, especially during the lean period of sugarcane crushing. Various physical and chemical characters of plant and stem juice were studied by taking up bimonthly plantings at four locations using 12 genotypes of sweet sorghum in the first year and quarterly plantings at four locations using 10 genotypes (8 genotypes common in both years) in the second year. Of the six plantings, planting during August and April were found to be not suitable for good sweet sorghum yields, therefore, in the second year, four plantings were taken up i.e., June, October, December and February at six locations. The various attributes selected for observations include cane yield, percent brix of stem juice, percent juice extractability, percent total soluble sugars and reducing sugars in the stem juice. Highest green cane yield and percent juice extractability was observed in June planting in all genotypes followed by February, and December in both bimonthly and quarterly plantings. Juice extraction percentage was also highest in June plantings followed by October, April and December plantings. June plantings recorded highest percent brix followed by December and February plantings in bimonthly plantings, while in quarterly planting, highest percent brix and total sugars in juice was observed in February planting followed by planting in June.
Introduction
Sorghum tolerates drought relatively well, and it responds to adequate fertility and soil moisture with faster growth [1] . Many types of sorghum are suitable for grain and forage production [2] , as well as alternative uses, such as energy, pulp for paper, food products and sugar or ethanol products [3, 4] . According to World Energy Outlook (2008) [5] , current energy supplies are unsustainable from environmental, economic, and societal standpoints. In addition, it is projected that world energy demands will continue to expand by 45% from 2008 to 2030, with an average rate of increase in 1.6% year -1 . In 2007, the inter governmental panel on climate change [6] released its fourth assessment report confirming that climate change is accelerating and if current trends continue, energy-related emissions of carbon dioxide (CO 2 ) and other greenhouse gases will rise inexorably, pushing up average global temperature by as much as 6˚C in the long term. The alarming increase in pollution rates has drawn the attention of several countries towards bio-energy and the potential sources. The blending of 5% ethanol with petrol, demands the ethanol requirements in India by 400 million litres annually. This will automatically increase the requirement of molasses for ethanol production. Sweet sorghum can be the best supplementary crop to sugarcane which requires minimum inputs and water. Thus to obtain self sufficiency it is essential to diversify the cropping pattern and introduce crops like sweet sorghum. Sweet sorghum like any other grain sorghum produces grain, in addition to the stalks which are rich in sucrose. The stalk yield and grain yield of sweet sorghum are in the range of 40 -50 t/ha and 0.8 -2 t/ha respectively. The sugar content in juice varies from 16% -23% brix. Sweet sorghum juice mostly contains sucrose, glucose, and fructose sugars and such type of high sugar crop can be used to produce fuel alcohol [7] .
Sweet sorghum has drawn the attention of many countries because of many good characteristics like wide adaptability, drought resistance, water logging tolerance, saline-alkali resistance, high growth rate, rapid sugar accumulation with a high biomass yield and above all because of short duration and simple crop husbandry involved in its production compared to sugarcane [8] . Sweet sorghum can be cultivated in nearly all temperate and tropical climatic areas. The sweet sorghum crop can be grown on a low fertility soil on residual moisture where sugarcane cultivation is difficult. Hence, production of alcohol from sweet sorghum juice may be profitable. It can be produced both from the juice of sweet sorghum as well as from grains [9] . Under subtropics and temperate environments, suitable sowing date received great attention [10] [11] [12] .
In India sugarcane is available only for six months in a year, and rest of the year the machinery and factory personnel are kept idle, and in order to take up the factory operations throughout the year it is essential to introduce crops like sweet sorghum which can use the existing machinery for juice extraction and produce bio-ethanol [13] . This research work was carried out at widely diverse geographic locations in India to determine the suitable time of planting for maximisation of biomass, adaptability, yield potential, stalk quality and harvest sweet sorghum during lean period of sugarcane so that factory operations can be carried out throughout the year and produce bio-ethanol from sweet sorghum.
Materials and Methods

Genotypes, Treatments and Cultural Practices
A two year field experiment was conducted at 4 different locations viz., Hyderabad, Akola, Rahuri and Parbhani. These locations were selected as sorghum and sugarcane are being traditionally cultivated and distilleries are also located in these places for the commercial use of sweet sorghum cane for ethanol production. The rain fall in the year ranges from May to October in all the above locations and twelve cultivars of sweet sorghum were grown at bimonthly intervals throughout the year (June, August, October, December, February and April) in the first year and 10 cultivars at quarterly intervals in the second year. In the first year the crop was sown 6 times in a year, in 1 st week of June, August, October, December, February and April. In the second year, crop was sown 4 times in a year, in the first week of June, October, December and February months. The crop was sown in a randomised block design with a spacing of 60 cm × 15 cm in three replications with 8 rows in each plot of 4 meter length. The soil was red, medium to light soil and field was irrigated immediately after sowing to ensure good germination and uniform crop stand and subsequent irrigations were given as per requirement. High soil moisture during later part of grain maturity may adversely influence juice brix. Hence care was taken to avoid irrigation 10 -15 days before harvest depending on ambient humidity and temperature. If there is rain during harvest stage, harvest was delayed for few days to eliminate the unfavorable influence of rain on juice brix. This was done by testing the juice brix before harvest. The precipitation and temperatures were measured at each planting time and location.
Fertilization was done at the rate of 80 N:40 P 2 O 5 :30 K 2 O Kg/ha, half of N and entire P 2 O 5 and K 2 O as basal and the remaining nitrogen as topdressing at 30 days after germination. Plots were kept weed-free with chemical control and hand cultivation. The various agronomic practices, fertilizer application etc, were followed as recommended for sorghum and timely crop protection measures were taken up.
Crop Measurements
The crop growth period of sweet sorghum was four months, 120 days. In each planting, five plants were chosen randomly from each plot from the middle of 6 rows for data collection during the crop maturity stage, one or two days before 120 days of crop growth. The leaf was stripped and cane weight was recorded. These five plants were crushed on an electrically operated two-roller laboratory model cane crusher to estimate juice extractability and quality. Juice extraction percentage (JEP) was calculated according to the equation: JEP = (Juice weight × 100/stripped stalks weight).
The juice yield (ton/ed) was calculated according to the following equation:
Juice yield = (Stripped yield × juice extr.%)/100. The percent brix was recorded using hand held refractometer (Erma, Japan). The juice yield and juice recovery were recorded and percent juice extractability was derived from the weight of the stem used for crushing. Total sugars (TSS) present in the stem juice were estimated by phenol sulphuric acid method [14] and reducing sugars (RSS) by 3,5-dinitro salicylic acid method [15] .
Results
Effects on Green Cane Yield
The effect of planting time on mean green cane yield in bimonthly planting is presented in Figure 1 . The data on green cane yield (Kg/plant) in different genotypes during six planting times was presented in Table 1 . Significant effect was recorded for green cane yield in different planting dates in both the experiments (bimonthly and quarterly planting). There is no difference for the quality characters in different planting times among locations. The average rainfall (mm) of the year during bimonthly planting was 108.36 (Akola), 135.76 (Rahuri), 143 (Hyderabad) and 177 (Parbhani) and during quarterly planting rainfall (mm) recorded was 60.77 (Rahuri), 105.6 (Akola), 132.35 (Parbhani) and 165.77 (Hyderabad). The variation for maximum and minimum temperatures at different locations was not significantly different. The maximum temperature was recorded in the month of May (41˚C) and Minimum temperature was recorded in the month of December (10˚C). The crop was grown with minimum irrigations (1 -2) in Kharif (June planting) and in October, December and February, the crop was 
Grain Yield
The influence of different date of plantings on grain yield is presented in Table 3 . Maximum grain Yield was recorded in the hybrid CSH 22 SS during June plantings (2083 Kg/ha), while minimum grain Yield was recorded in IS-20962 during February plantings (120 Kg/ha). In all the genotypes highest grain yields were recorded during June plantings. Of all the genotypes CSH 22 SS, HES-04, NSS-04 and SSV-84 recorded highest mean grain yield compared to other genotypes. Since the green cane yield, juice extractability and total sugars were important parameters to be considered, grain yield was given less attention.
Percent Juice Extractability
The effect of planting date on percent juice extractability in bimonthly plantings is presented in Table 4 . Highest percent juice extractability was recorded in Wray (37.3%) in June plantings followed by AKSSV-16 (34.91%) and CSH 22SS (34.7%) also during June plantings. Percent Juice extractability varied from 22.88 (NSS-04, December Plantings) to 37.30% (Wray, June plantings). The various genotypes recorded highest percent juice extractability during June plantings except for BJ-248 (October planting), Madhura (December planting), CSV 19SS (February planting) and SSV-84 (October planting). The effect of planting date on percent juice extractability in quarterly plantings was presented in Table 5 . Percent extractability is the key factor for the overall juice yield of any genotype. The percent juice extractability was observed to be highest in June planting followed by February, December and October planting dates. NSS 208 showed highest extractability (41.5%) in December planting followed by CSV 19SS (39.4%) in February planting. NSS 208 and Madhura performed superior at all four times of planting for extractability. The effect of planting time in quarterly plantings on brix percent was given in Table 6 . Keller recorded high- 
Total Soluble Sugars
The influence of date of plantings on percent total soluble sugars in bimonthly plantings is presented in The effect of planting date on the percent total sugars in quarterly plantings was presented in Table 8 . In February planting the total sugars percent was highest followed by June planting. Keller recorded highest mean total sugar percent (17.68%) followed by Wray and BJ 248 (16.47%) respectively. The other genotypes that showed superior performance over the Check variety SSV 84 (15.07%) were CSV 19 SS (15.88%), RSSV 47 (15.87%), Madhura (15.49%) and NSS 04 (15.48%) respectively.
Reducing Sugars
The influence of date of planting on percent reducing sugars in bimonthly plantings is presented in Table 9 . Percent reducing sugars varied from 0.873 (Madhura, February plantings) to 2.165 (SSV-84, June plantings). Of the various genotypes lowest mean percent reducing sugars was recorded in Keller (1.134) followed by Madhura. In most of the genotypes February plantings recorded lowest percent reducing sugars.
Discussion
Of all the genotypes Wray, Keller, CSH 22SS and CSV 19SS were found to be superior with high biomass, high juice extractability, high brix and moderate grain yield plant -1 . Of the six sowings June, October, December and February sowings showed better performance compared to other sowings. The infestation by various key pests was found to be low in June planting and higher susceptibility to pests was recorded with delay in planting. December plantings cannot be recommended due to heavy frost at the time of sowing. Poor performance was recorded during August and April plantings due to shoot fly infestation and high temperatures respectively.
Performance of sweet sorghum varies under different environmental conditions. This study was conducted to determine the optimum time of sowing, throughout the year at various locations to increase number of days of factory operation. The various attributes of sweet sorghum as a bio energy crop is cane yield, juice yield and total sugars. There is a significant influence of planting time on green cane yield. Highest green cane yield was reported in Keller during December plantings. Devani & Blanco [17] reported a similar higher stalk yields in 29 th November sowings in field trials at Monte Redno Tucuman in C. V. Roma. Hipp et al. [18] related these differences in Stem yield from different planting dates to difference in solar radiation received by plants. According to them cane yield was linearly related to radiation received during fruiting. There was a significant influence of interaction of genotype and date of planting on percent juice extractability. Significant genotype × date of planting interaction was absent for brix, percent total soluble sugars and percent reducing sugars. Absence of this interaction shows that they are varietal characters and are less influenced by environment. However there is a significant influence of date of planting on brix and percent total soluble sugars. The percent brix was found to be highest in June plantings followed by October, December and February plantings. On the contrary, Broadhead [19] reported that brix was not affected by planting date. In contrast to the above results Almodares et al. [10] recorded a higher brix in cultivars planted on May 1 than June 1 in Iran. This difference in performance may be due to difference in climatic conditions. Most of the cultivars recorded highest percent total soluble sugars during October plantings. Naoyuki et al. [20] reported that the stem and total sugar yield during dry season was about 60% and 75% respectively with that of rainy season.
Most of the genotypes had lowest percent of reducing sugars during February planting compared to the June planting. This indicated that the invertase activity and inversion of sugars had certainly had the influence of temperature in addition to the genotypic variation that already exists. Ya Li Zhao et al. [21] reported that total Calculated Ethanol Yield (CEY) from the carbohydrates increased with time after anthesis and with crop cycle length, ranging between 4867 and 13,032 L/ha on 40 DAA during the two years. It is also mentioned that the effects of each factor of year, harvest time, and genotype on biomass, carbohydrates yield, and CEY are highly significant. The interaction of genotype with year (environment) had significant effects on the total CEY. They recommended beginning the harvest of sweet sorghum upon the early maturity of the cultivars from around 20 DAA and this will result in a harvest period of around two months until grain maturity of the late cultivars for ethanol production in North China. In a similar study by Almodares et al. [22] , the relationships have linear and positive responses which indicate that as the plant grows, there are more leaves, more photosynthesis (NAR), and more growth (RGR and CGR) which increase sucrose content in the stem. The results showed as sweet sorghum cultivars and lines grow, LAI, NAR and RGR will be increased. As a result, the amount of sucrose increased while the amount of invert sugar (glucose, fructose, maltose and xylose) decreased. The results indicate that the time of harvesting sweet sorghum, cultivars and lines is dependent on the purpose of planting. They also reported that if the purpose of planting is to produce crystal sugar, it is suggested to harvest sweet sorghum cultivars and lines at hard dough-post maturity stage when plants had the highest sucrose and lowest invert sugars, since invert sugars influence crystallization. Harvesting sweet sorghum cultivars and lines at other growth stages are more suitable for liquid sugar production. Thus we conclude that under the Indian conditions the factory requirements can be met through out the year as four sowings are found to be optimum i.e., June, October, December and February. However December plantings are suitable in sugarcane growing areas where night temperatures are above 20˚C. Of all the genotypes Wray, Keller, CSV 19SS and NSS-04 showed better performance compared to others.
